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ABSTRACT : When reared under crowded conditions, Culex tritaeniorhynchus larvae were 
found to take longer to develop and exhibited increased mortality. As expected, the amount 
of food needed to initiate and complete pupation increased with larval density; however, the 
efficiency of rearing (number of pupae per mg of food) was curvilinear with the optimum 
density at 1.0 larvae/ml under the present dietary regimes. The adult sex ratio at emergence 
did not vary with density. The wing length of the first 5 males and females emerging 
decreased with increasing density, while those of the last 5 males and females remained 
unaltered. The wings of the males were consistently shorter than those of the females. 
Individuals emerging first had longer wings than those taking longer to develop. These 
phenomena were attributed to the effects of intraspecific competition for food and space. 
Water conditioned by rearing larvae at crowded densities was found by bioassay to increase 


mortality without significantly altering the rate of development. 


Recent studies of competition among mosquitoes have suggested that crowding elicits 
the production of larval autotoxins, growth retardant factors (G.R.F.) (Moore and Fisher, 
1969), in at least three species of mosquitoes, Aedes aegypti (L.) (Moore and Fisher, 1969 ; 
Barbosa, et al., 1972), Anopheles stephensi Liston (Reisen, 1975), and Culex pipiens 
quinquefasciatus (Say) (=fatigans Wied.) (Ikeshoji and Mulla, 1971). These autotoxins 
typically retard the duration of larval development, increase mortality, and result in the 
production of smaller sized adults. In addition to this interference competition, exploitative 
coactions for available food supplies may produce similar results nutritionally (Nayar, 1969), 
although Moore and Whitacre (1972) suggested that these effects may be inseparable. With 
the exception of Nayar and Sauerman (1970), most available information on larval crowding 
has dealt with competition among domestic, artificial container breeding species. The 
purpose of this present investigation was to describe the effects of larval competition in Culex 
tritaeniorhynchus Giles, a ground pool breeding species, emphasizing the effects of competition 


for food and space on rearing success and the induction of larval inhibitory compounds. 


*Address reprint requests to W. K. Reisen. 
Received for publication, November 8, 1976 


196 
METHODS AND MATERIALS 


Egg rafts of the Lahore strain of C. tritaeniorhynchus were isolated in test tubes 
containing dilute straw-water infusion. After 24 hours, the number of eggs hatching per 
raft were counted, and the Ist instar larvae pooled so that 32, 158, 315, 945, 1890 and 2835 
larvae were added to 21 x 15 cm (315 cm?) enamel pans filled with 315 ml of well water 
yielding densities of 0.1, 0.5, 1.0, 3.0, 6.0 and 9.0 larvae/cm? of surface area or ml of 
rearing media (L/cm), respectively. In the present experiment, 0.1 L/ml was considered 
undercrowded, 0.5 and 1.0 L/ml near optimum as indicated by the range of densities most 
often observed in nature, 3.0 and 6.0 L/ml crowded, and 9.0 L/ml overcrowded using the 
criteria of Ikeshoji and Mulla (1970) for C. p. quinquefasciatus. Each density was replicated 
thrice and fed a ration of liver powder sifted through a 40 mesh screen which was calculated 
on the basis of surface area or volume as suggested by Peters et al. (1969) (Table 1). After 
the first pupae appeared, the number pupating were counted twice daily (0700 hours and 
1700 hours) into plastic jars where the adults emerged after 24 hours. The wings of the first 
and last 5 males and females emerging per density were measured from the proximal 
insertion. at the mesothorax to the apex of the anterior distal margin excluding the fringe 
scales using an ocular micrometer. 

After all larvae had pupated, the rearing water at each density was pooled, and then 
bioassayed for G.R.F. activity. Three replicates of 25 Ist instar larvae per density were 
placed with 50 ml of the rearing water or well water into a 250 ml flask yielding the 
optimum density of 0.5 L/ml. Larval development time and the percent rearing success from 
Ist instar through adult were used as a criteria of G.R.F. activity (Reisen, 1975). The 
rearing water was then evaluated for turbidity, suspended solids, ammonia concentration 
and pH (Hach, 1973). 

Mean (+ standard error of the mean) insectary conditions were: temperature— 28.9+ 
0.2°C, relative humidity = 57.7 + 0.3%, and photoperiod=15:9 LL:DD with an 80 minute 
simulated crepuscular period. 

Median pupation (Pso) and emergence (Eso) times were estimated from eclosion using 
the graphic techniques of Litchfield (1949) as applied by Moore and Fisher (1969). Among 
group comparisons were made using appropriate least squares analyses as described in Sokal 


and Rohlf (1969). 


Table 1. Daily larval ration in mg/larvae of finely sifted liver-powder 


Ration Density (L/cm?) 
D mg/cm? or 

ay ml 0.1 0.5 1.0 3.0 6.0 9.0 
1 0.1 1.00 0.20 0.10 0.03 0.02 0.01 
2 0.2 1.97 0.40 0.20 0.07 0.03 0.02 
3 0.3 2.95 0.60 0.30 0.10 0.05 0.03 
4 0.3 2.95 0.60 0.30 0.10 0.05 0.03 
5 0.4 3.94 0.80 0.40 0.13 0.07 0.04 
6 to O25 4.92 1.00 0.50 0.17 0.08 0.06 
end 
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RESULTS AND DISCUSSION 


The rate of larval development, as indexed by the Pso values, was significantly retarded 
and larval mortality significantly increased as rearing densities, and presumably intraspecific 
competition, increased (Table 2). Most mortality seemed to occur among the early instar 
larvae which has been observed for other mosquito species (Ikeshoji and Mulla, 1970; 
Reisen, 1975). As expected, crowded larvae required more food to complete pupation ; 
however, the efficiency of food utilization was not significantly linear with fewer pupae 
produced per mg of food at the overcrowded density (Table 2). Under the present food 
regimes, 1.0 L/ml was the most efficient rearing density producing the largest number of 
pupae per mg of food. Thus the rate as well as the total amount of food added was important 
in initiating pupation. | 

The Eso values for males and females exhibited a significant positive linear regresson 
with increasing rearing density (Table 2). There was no significant relationship (P7»0.05) 
between the number of pupae successfully emerging and larval density as emergence success 
remained near 88% with the exception of the 0.1 L/ml group CTable 2). The overall Eso 
value for males was significantly (P<0.05) less than that of females agreeing with the 
frequently observed earlier emergence of male mosquitoes (Nayar, 1969; Reisen, 1975). 
The sex ratio (males/total) remained consistently greater than 0.5 and did not vary signifi- 
cantly as a function of density (P<0.05). The sex ratio of 0.487 observed in the 0.1 
L/ml group was the result of a 0.333 value in one of the three replicates; the remaining 
ratios exceeded 0.5. This discrepancy was attributed to a chance selection of more females 
when the larvae were initially being counted into the pans. These results were in good 
agreement with Jones (1960) and Hickey (1970) who found no density-related sex ratio 
distortion, but disagreed with Reisen (1975) who found less males, and Weilding (1929) 
who found more males produced under crowded densities. 

The wing lengths of the first 5 males and females emerging exhibitd a negative linear 
relationship with increasing rearing density, and the wing lengths of the males were signi- 
ficantly shorter (P« 0.05) than those of the females (Table 2). Similar results have been 
obtained for other mosquitoes (Nayar and Sauerman, 1970). The last 5 males and females 


emerging were only successfully separated for those groups having Eso values greater 


than 250 hours. At lower densities more synchronous emergence prevented the separation 
of the last group. The wing lengths of these last emerging adults did not vary with 
increasing density, although the females remained larger than the males (Table 22. In the 


analysis of variance, mosquitoes emerging first were found to have significantly (P< ぐ 0.05) 
larger wings than those taking longer to mature (Table 2) disagreeing with the findings of 
Barbosa et al. (1972) who found that Ae. aegypti pupating during the first quartile were 
consistently smaller than those pupating during the last quartile. Barbosa et al. (1972) 
attributed this discrepancy to the longer feeding period of the slower maturing larvae which 
agreed with the frequently observed larger size of adults reared at lower water temperatures 


(Clements, 1960). Apparently, in C. tritaeniorhynchus those genotypes which were able 
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to successfully compete for available foodstuffs grew to a larger size and emerged before 
the poorer competitors whose growth and development were retarded. 

In the bioassay of the conditioned rearing water, the rate of development was not 
significantly inhibited by larval competitive compounds, and there was no significant diffe- 
rence (P ジ 0:05) between larval development in conditioned rearing water and unconditioned 
well water (Table 3). The percentage of adults successfully emerging did not decrease 
linearly with increasing density, although there was significant among density statistical 
differences (Table 3). The significant increase (P<0.05) in mortality among the crowded 
and overcrowded groups was attributed to the presence of larval autotoxins using the assess- 
ment criteria of Ikeshoji and Mulla (1974). The activity of larval competitive compounds 
appears to vary among species as compounds elicited by Ae. aegypti (Moore and Fisher, 
1969) and An. stephensi (Reisen, 1975) were found to retard development as well as increase 
mortality. 

The conditioned rearing water had significantly higher (P<0.05) turbidity, suspend- 
ed solids, ammonia and the pH than the unconditioned well water, although only ammonia 
and the pH increased linearly with rearing density (Table 3). Increased turbidity, 
suspended solids and conductivity were attributed in part, to increase bacteria feeding 
upon larval by-products and/or unconsumed foodstuffs. The fact that these parameters 
did not vary with rearing density may have been due to the action saprophytes utilizing 
excess food at the lower densities and increased larval by-products and dead larvae at the 
higher densities. The linear increase in ammonia concentration with larval density was 
considered proportional to the total number of larvae present, as mosquito larvae excrete 
free ammonia as do other aquatic insect larvae (Chapman, 1971). The increase in pH 
with density was attributed to the reaction of the free ammonia with water releasing 1 
hydroxyl radical for each excreted ammoniaion. 

In Lahore, C. tritaeniorhynchus larvae are the predominant mosquito species collected 
in ground pools during summer. Dessication and/or oviposition often results in larval 
densities simiar to those tested during the present experiment. That crowding has similar 
effects was suggested by the heterogeneous wing lengths of adults within the same collec- 
tion. This variability was observed to increase during summer when population densities, 


and presumably the incidence of competition, were highest. 
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THAT AAT =H ORS Og Bo BPC BIST Sh d eo KE 
T. F. Siddiqui, Y. Aslam and W. K. Reisen (バキ スタ ン 国 ラポール , パキスタン 医学 研究 セ 
ンタ ー) 


コガ タ ア カイ テカ 幼 由 を 過 窒 度 の 状態 で 飼育 する と , 幼虫 の 期間 は 長く な り 死 亡 率 は 高く な っ た . W 
侍 さ れ た よう に , 山 化 に 必要 な 餌 の 量 は 幼虫 密度 に と も な っ て 増加 し た . し か し , SD 1mg M0 oni 
の 数 で 表わし た 効率 は , K 1ml 当り の 幼虫 数 1.0 の 時 に 最高 と な っ た . 成虫 の 性 比 は 幼虫 密度 に よ 
っ て 変化 し な か っ た . 最初 に 羽化 し た 5 ADRES MOM, 高密 度 区 で 減少 し た が , 最後 に 羽化 
し た 5 個体 の 雄 と 雌 で は , 密度 に ょ る 変化 は 見 られ な か っ た . 始め に 羽化 し た 個体 は 。 お くれ て 羽化 
し た 個体 より も ゃ 長い 次 を 持っ て いた . これ ら の 現象 は , 館 と 空間 に 対す る 種 内 競争 の 影響 に 帰す る こ 
と が で きた だ た. 過 徐 度 で 幼虫 を 飼育 し た 水 は 幼 虫 死亡 率 を 増加 させ る 作用 の ある こと が わか っ た . 
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